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THE NEED FOR CLASSIFICATION 

Controversy has punctuated the development of hypotheses, theories, 
&nd facts about mycorrhizae. Profound disagreements, such as on the 
physiology of mycorrhiza formation, continue today. Under these 
circumstances, a recent statement by Sokal (1966) pertinently recalls 
a basic concept: 

Classification is one of the fundamental concerns of science. 

Facts and objects must be arranged in an orderly fashion before 

their unifying principles can be discovered and used as a basis 

for prediction. Many phenomena occur in such variety and pro- 

fusion that unless some system is created among them they would 

be unlikely to provide any useful information. 

The many fungal and host species involved in mycorrhizal phenomena 
encompass great physiological diversity. Consequently, the interactions 
between host and fungus in any given combination will differ in some 
degree from other combinations, even though many features may be shared 
by most. Before the unifying principles of mycorrhizal phenomena can 
be well established, we must know what aspects vary due to differences 
in symbionts. This variation, in turn, can be systematically determined 
only if defined material is used in research. I have selected a few 
examples of differential effects of mycorrhizal fungi on hosts to 


emphasize the importance of this problem. Others are provided in reviews 
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by Trappe (1962), Zak (1964), and Bowen (1965). 

Type of infection: Certain fungi that form mycorrhizae with some 
hosts are pathogenic on others. A classic example is Armillaria mellea 
(Vahl ex Fr.) Kummer, a noteworthy root pathogen that also forms 
endotrophic mycorrhizae with orchids (Campbell, 1962). In pure culture 
experiments, Gyrodon merulioides (Schw.) Sing. (= Boletinus porosus 
Peck) has behaved not only as a typical ectotrophic mycorrhizal fungus 
with Pinus strobus L. but as an apparent root pathogen with Liquidambar 
styraciflua L. (Hatch and Hatch, 1933; Filer and Toole, 1966). Certain 
ectotrophic fungi have also formed en i 
styraciflua in pure culture, whereas others did not (Filer and Toole, 
1966). Differential abilities to form different types of infections 
reflect, among other things, differences in activity of enzymes such as 
cellulase and polyphenol oxidase. Such differences have been demonstrated 
between several mycorrhizal fungi in both sporocarps and pure cultures 
(Rubin and Obrucheva, 1954; Ritter, 1964). 

Host nutrition: Ritter and Lyr (1965) have demonstrated that 
phosphorus translocation to the host can vary markedly between different 
fungal symbionts. Ability to absorb nitrate nitrogen also may vary. Of 
eight mycorrhizal fungi tested, nitrate reductase, required for nitrate 


assimilation, was detected only in Rhizopogon subradicatus A. H. Smith 


and Suillus caerulescens Smith and Thiers, the latter species showing 
only a trace of activity (Li, Lu, Trappe, and Bollen, unpublished data). 
The widely differing abilities of mycorrhizal fungi to accumulate urea 
(Tyler et al., 1965) also indicate differences in nitrogen metabolism 


with possible significance for host nutrition. 
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Protection of roots: Secretion of antagonistic substances varies 
between mycorrhizal fungi (cf. Zak, 1964). In a series of definitive 
experiments, Marx (1966) discovered that well-developed pine mycorrhizae 
were resistant to attack by Phytophthora cinnamomi Rands, regardless of 
the species of fungal symbiont. Of several mycorrhizal fungi grown in 
pure culture syntheses with pines, however, only Leycopaxillus cerealis 
(Lasch) Sing. produced diatretyne antibiotics in quantity. When 
Phytophthora was added to flasks of pines grown aseptically with L. 
cerealis, the normally susceptible nonmycorrhizal root tips were largely 
undiseased. Apparently, L. cerealis secreted enough antibiotic to 
protect nonmycorrhizal as well as mycorrhizal root tips. Similarly 
treated seedlings grown with several other mycorrhizal fungi suffered 
Phythophthora infections on most or all of their nonmycorrhizal root 
tips. 

Host growth: Net cumulative effects of the kind of differences 
mentioned above should logically be expressed in growth of ‘the host. 
Well-replicated studies by Marx and Zak (1965) produced statistically 
significant differences between pine seedlings grown in pure culture 
synthesis with Laccaria laccata (Fr.) Berk. & Br., Suillus luteus (Fr.) 
S. F. Gray, and Cenococcum graniforme (Sow.) Ferd. & Winge, respectively. 
Even though the mycorrhizal frequency was markedly higher on seedlings 
with L. laccafa, those grown with C. graniforme averaged significantly 
greater total length of lateral roots and total ovendry weights. These 
and other effects of the fungi on seedling growth varied differentially 


with pH of the substrate. 
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To classify mycorrhizae for identification of the many possible fungal 
symbionts and to unravel their complex variations seems a dismaying task. 
Nonetheless, hypotheses about mycorrhizae will continue to diverge until 


based on research with material whose hosts and fungi are both defined. 


DOMINIK'S CLASSIFICATION SYSTEM 

Although board classifications have long been applied to ectotrophic 
mycorrhizae, Dominik (1956) has pioneered the only system incorporating 
detailed anatomical diagnoses. His primary groupings are based on 
distinctive characteristics of hyphal and mantle structure such as 
earlier described by Peyronel (1921, 1922). Major groups are subdivided 
on the basis of color of the mycelial mantle. 

Dominik presented his system as avowedly tentative, subject to modi- 
fication as new information was developed. Although uniquely distinctive 
fungal symbionts of mature mycorrhizae can sometimes be determined by 
his classification (Boullard and Dominik, 1966), his intent was primarly 
to classify mycorrhizae into groups that were broad morphological entities, 
recognizing that a given fungus might produce more than one such entity. 
For example, as a mycorrhiza develops, it may pass through several mor- 
phological groups and color subgroups (Dominik, 1959; Boullard, 1965; 
Trappe, 1967). Thus, a given tree having mycorrhizae formed by only one 
fungus may have several different mycorrhizal types under this classifica- 
tion. 

Despite the general incompleteness of Peyronel's and Dominik's 
descriptive data for identifying fungal associates of mycorrhizae, these 


two scientists deserve recognition for establishing the basic concepts 


= 59 = 


needed to reach this goal. 


CLASSIFICATION FOR LDENTIFYING FUNGAL SYMBIONTS 
Limitations and Concepts 

For greatest precision, a classification system must be based 
primarily on stable hyphal characteristics, utilizing less constant 
features of hyphae or mantle structure only when stable characteristics 
have been exhausted. This approach does not lend itself to groupings 
such as used by Dominik. Rather, a key will lead the user to specific 
host/fungus ectotrophs for the most distinctive fungi. Less distinctive 
fungi will key out to limited groups of ectotrophs which may include 
two or several fungal associates and may depend in part on mantle 
structure. The least distinctive fungi may be pooled in larger groups 
whose subdivisions are based largely on unstable characteristics such 
as color or structure of mantle. 

Obviously, the farther one must progress in such a key, the less 
precise and less meaningful his determinations become. As new techniques 
for study are developed and as new discoveries are made, increasing 
proportions of the ectotrophs in a given key can be moved into precisely 
determinable categories. In the immediate future, such keys can serve 
research restricted in scope and involving a finite number of fungi; e.g., 
in a nursery, of a given host species, or of particular habitats. As 
adequate mycorrhizal descriptions are published, keys of increasing 


coverage and precision can gradually be developed. 
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Source Material for Basic Descriptions 
Mycorrhizae formed with known fungi can be obtained for basic 


descriptive studies from field collections, open pot experiments, or 

pure culture syntheses. Peyronel's (1921, 1922, 1934) methods of care- 
fully comparing mycorrhizal mycelium with that of the suspected associate 
sporocarp must be meticulously applied to minimize the rísk in field 
Studies that a given mycorrhiza is formed by some other fungus than 

that fruiting in the vicinity. 

Properly conducted, pure culture syntheses eliminate the possibility 
of mycorrhiza formation by extraneous fungi. Available evidence 
indicates that at least some mycorrhizae formed in the highly artificial 
environment of pure culture syntheses can morphologically resemble those 
formed by the same fungi ín natural conditions (Trappe, 1967). The 
method is time consuming and limited to fungi that can be cultured. 

Field collections supplemented with pure culture experiments provide 
the strongest evidence on morphology of mycorrhizae formed by a given 
host and fungus. Regardless of which approaches are used, it is 
desirable to determine variability by study of many specimens in many 
developmental stages. Sporocarps of fungi used for descriptive analyses 
or pure culture syntheses must be authoritatively identified and 
deposited in a herbarium for future reference. Unless this is done, 
the fungal associate's identity cannot be reconfirmed if taxonomic 
advances cast doubt on the original identification, as has happened 


often in the past (Trappe, 1967). 
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Mycorrhiza Description 

The relatively stable characteristics of vegetative hyphae common 
to both mycorrhiza and associated sporocarp have greatest importance in 
construction of a key. Nonetheless, the more completely a mycorrhiza's 
hyphal and tissue morphology are described, the more useful the 
description will be for future identification of fungal symbionts. This 
seemingly obvious point is emphasized because future research will 
inevitably uncover diagnostic value not now recognized in some 
characteristics. 

The kinds of characteristics that should be described are exemplified 
in the following paragraphs, roughly in descending order of priority 
for use in a key. 

Clamp connections and septal anatomy: The taxonomic class of a 
fungal associate is of primary importance in diagnosis. Absence or 
erratic presence of septa generally indicate a Phycomycete (e.g., Fassi, 
1965). Clamp connections, even though infrequent, conclusively indicate 
a Basidiomycete. Until recently, the class could not be determined 
for sterile, septate hyphae that lacked clamp connections. Moore and 
McAlear (1962) discovered through electron microscopy, however, that 
Ascomycete septa are penetrated by a simple pore. In contrast, 
Basidiomycetes have flanged pores ("dolipores") that are enclosed on 
both sides by'a hemispherical structure ("parenthesomes"). Dolipores 
and parenthesomes have been found in ectotrophic mycorrhizal mantles 
and Hartig nets (Foster and Marks, 1966) and are usually readily detectable 
with phase microscopy at 800 or more diameters magnification (Parmeter, 


1965). 
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Clamp connections often have additional diagnostic value in their con- 
sistent form, size, and frequency on hyphae of a given Basidiomycete. 

On some species they produce an open arch, on others the clamp is closed. 
They may occur at nearly all septa of some species or at lesser but 
fairly constant proportions of the septa of others (e.g., Fontana, 1961; 
Fassi and de Vecchi, 1963; Trappe, 1967). Septa, too, can be distinctive 
in many species: e.g., highly refractive, as in Barssia oregonensis 
Gilkey, or thickened, as common in several species. 

Other hyphal characteristics: Hyphal diameters, cell lengths, wall 
thickness, surface deposits, pigmentation, and rhizomorph formation 
exemplify features that are relatively stable. Various combinations of 
such characteristics are distinctive for many species. 

Fluorescence: My own preliminary studies indicate that many mycor- 
rhizal fungi fluoresce in distinctive colors under long-wave, ultraviolet 
light. Indeed, so many of the species tested thus far possess this 
trait that even lack of fluorescing ability is diagnostically useful. 
Fluorescence microscopy offers even greater potential than macrofluorescence 
in this respect, because individual species produce distinctive combina- 
tions of color reactions with different wavelength and filter combinations. 
Though barely explored, this field offers exciting promise for identifying 
fungal symbionts. 

Chemical reactions: Mycologists have found use for more than 40 
chemicals in taxonomy (Watling, 1966); those most commonly used are 
discussed by Singer (1962). Many produce distinctive color reactions when 
applied to hyphae of cultures of mycorrhizal fungi or to mycorrhizal 
mantles (Pantidou and Groves, 1966; Peyronel, 1934). The immediate dark- 


ening of hyphae of certain Gomphidius spp. by Melzer's solution is a 
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striking example (Miller, 1964). In my experience, mycorrhizal mantles 
formed by these fungi instantly turn black when touched by the solution. 
Because few mycorrhizal fungi react similarly, a positive reaction 
abruptly narrows the choices in identification. As with fluorescence, 
exploitation of chemical tests for this purpose has barely begun. 

Odor and taste: These characteristics are difficult to determine 
for most mycorrhizae, because only minute amounts of tissue can be 
sampled. Occasionally, however, odor or taste are sufficiently pronounced 
to be useful. Thus the acridity of some Russula and Lactarius species 
can be readily tasted in their mycorrhizae (Peyronel, 1934). Zak (1967) 
has discovered a Douglas-fir mycorrhiza formed by a fungus whose peculiar 
odor is easily detected, both from the mycorrhiza and from isolates in 
culture. 

Mantle structure: Mycorrhizal mantle tissues vary greatly between 
fungal symbionts, from simple prosenchyma or pseudoparenchyma to layered 
tissue of various forms or interweaving of rhizomorphlike strands, from 
smooth on the surface to decorated with distinctly shaped cystidia or 
setae (Peyronel, 1921 and 1922; Dominik, 1956; Fontana, 1961; Ceruti and 
Bussetti, 1962; Fassi and de Vecchi, 1962; Trappe, 1967). These tissues 
often develop fully only as the mycorrhiza approaches maturity; their 
value in identification of fungal symbiont is thereby restricted. Although 
their use in a key must consequently take lower priority than traits men- 
tioned previously, they are extremely distinctive in many cases and will 
inevitably be important in study of mature specimens. 

Color: Color of hyphae and mycorrhizal mantles is frequently stable. 


For example, hyphae of Cenococcum graniforme are jet black from the 


outset of mycorrhiza formation. As pointed out earlier, however, fungal 
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pigmentation changes between developmental stages of many mycorrhizae. 
Although color is always important in mycorrhizal descriptions, its use 
in a key should be restricted to species in which it is stable, and then 
used only if other traits are inadequate for species determination. 

Mycorrhizal form: Patterns and amounts of branching are distinctive 
for some mycorrhizae; for example, the tuberculate mycorrhizae of 
Douglas-fir. These traits are highly dependent on developmental stages 
of a mycorrhiza. As with mantle structure and color, they are important 
in descriptions but should be used in keys only after more stable features 
have been exhausted. 

DISCUSSION 

The anatomical characteristics mentioned above include most that are 
currently recognized as important in identifying fungal symbionts of 
mycorrhizae. Additional features of high diagnostic value will 
undoubtedly be discovered. 

Few mycorrhizae formed with known fungal symbionts have been 
adequately described. No meaningful morphological relationships can be 
assessed yet. As descriptive studies progress on sound principles, 
students of mycorrhizae will be able to develop useful limited keys to 
facilitate interpretation of specific research results. Eventually, 
data thus accumulated will permit compilation of expanded keys for 
identifying fungal symbionts. Such keys will greatly enhance interpre- 
tations and comparisons of interactions between fungal symbionts and 


their hosts. 
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SUMMARY 

A means for identifying fungal symbionts of ectotrophic mycorrhizae 
is needed for interpreting host/fungus interactions. Dominik's 
classification system does not generally serve this purpose but has 
established some of the basic concepts. 

Classification of mycorrhizae for identifying fungal symbionts must 
be based primarily on stable hyphal characteristics for greatest precision. 
Less constant features, including those dependent on the deveto earal. 
stage of a mycorrhiza, should be utilized only after all combinations of 
stable features have been exhausted. The most stable characteristics 
include (1) presence and idirslettons of clamp connections and structure 
of septal pores; (2) other hyphal characteristics such as diameter, cell 
lengths, wall thickness, surface deposits; (3) hyphal fluorescence and 
reaction to chemicals; (4) odor and taste. Less stable features, exemplified 
by mantle structure, color, and mycorrhizal form, can have great diagnostic 
value for mature mycorrhizae but often have little use with earlier 
developmental stages. 

As mycorrhizae formed by known host/fungus combinations are adequately 
described, the accumulated knowledge can be used to develop keys that 
will lead the user to specific host/fungus ectotrophs for the most 
distinctive fungi, groups of ectotrophs for less distinctive fungi, and 
larger groups whose subdivisions are based largely on unstable charac- 
teristicsfor the least distinctive fungi. Precision of such keys will 
increase with each addition of defined ectotrophs and as additional 


characteristics of diagnostic value are discovered. 


